Neoadjuvant chemoradiotherapy for locally advanced rectal cancer has been shown to decrease rates of local recurrence and more than double the rate of sphincterpreserving surgery. There is now compelling evidence that pathological complete response is an independent predictor of likelihood of local recurrence, distal metastases, disease-free and overall survival in locally advanced rectal cancer following neoadjuvant chemoradiotherapy. Pathological regression grading can therefore guide clinical decisions about salvage surgical strategies, adjuvant therapy and long-term surveillance. No universally recognised regression grading system currently exists for pathologists presented with resected tumour specimens following neoadjuvant chemoradiotherapy. The purpose of this review is to highlight the relevance of accurate tumour regression grading in achieving optimal clinical care for patients with rectal cancer.
INTRODUCTION
The doubling in survival rates in rectal cancer that has been reported over the last 30 years has been driven by several factors. The focus on the anatomy of the rectum and the local spread of the tumour was central to three key improvements: first, the accurate delineation of the involvement of the circumferential margin on pathological examination of the excised specimen; 1 second, the introduction of total mesorectal excision; 2 and, third, the preoperative demonstration of the relationship of the tumour to the circumferential resection margin. 3 4 Earlier diagnosis from the introduction of screening programmes is now shifting the distribution of stage towards increased diagnosis of premalignant neoplasia and early rectal cancer which together now make up 50% of surgical cases. In this context, neoadjuvant chemoradiotherapy has been increasingly accepted as having a key role in the management of locally advanced rectal cancer (LARC).
This review article focuses on the clinical and histopathological consequences of neoadjuvant chemoradiotherapy in order to make a clinical case for the current need for a consensus on this issue. The aim of the authors is to open the door towards a consistent interpretation of this key early surrogate marker of neoadjuvant radiotherapy in rectal cancer.
THE SHIFT FROM ADJUVANT TO NEOADJUVANT CHEMORADIATION THERAPY Radiotherapy
Although radiotherapy has been used to treat rectal cancer for more than half a century, it was not until 1988 that Gérard et al demonstrated that longcourse neoadjuvant radiotherapy (34.5 Gy divided into 15 daily doses of 2.3 Gy each) improved both 5-year survival and local recurrence rates following radical surgery for rectal cancer (T2, T3, T4, NX, M0). 5 It was subsequently shown that short-course preoperative radiotherapy (SCRT) (25.5 Gy in five fractions) followed by surgery within 1 week decreased local recurrence rates relative to postoperative radiotherapy over 5 weeks. 6 Allowing for radiobiological assumptions, the cumulative radiation effect of SCRT in 1 week on the tumour is thought to be approximately equivalent to 46 Gy of long-course radiotherapy if fractions of 2 Gy were given 5 days per week. 7 The 12-year follow-up results of the Dutch TME trial have shown that, although SCRT given immediately preoperatively decreases the incidence of local recurrence, it does not improve overall survival. 8 The Stockholm III clinical trial is currently recruiting patients with the aim of directly comparing SCRT and long-course radiotherapy preoperatively and also to determine the optimum timing of surgery following preoperative radiotherapy. 9 It is a three-armed trial comparing SCRT (535 Gy) with surgery within 1 week, SCRT with surgery after 4e8 weeks and long-course radiotherapy (2532 Gy) with surgery after 4e8 weeks. The interim analysis of this trial has shown similar pathological response rates between SCRT with surgery after 4e8 weeks and long-course radiotherapy (2532 Gy) with surgery after 4e8 weeks. In the other treatment arm of the clinical trial, a trend towards more postoperative complications has been suggested when SCRT is followed immediately (ie, <4 weeks) by surgery, but only if that surgery is delayed beyond 10 days after the start of radiotherapy. 9 The definitive results of this clinical trial, expected in 2014e2015, will demonstrate the clinical differences between two 'radiobiologically equivalent' fractionation regimes and the preferred timing of surgery following radiotherapy.
Neoadjuvant chemoradiation
The combination of chemotherapy and radiotherapy (ie, chemoradiation) was first found to be more effective than radiotherapy alone in the adjuvant (postoperative) setting for advanced rectal cancer by the Gastrointestinal Tumor Study Group in the USA in 1985, with decreased rates of recurrence and increased time to recurrence when adjuvant chemoradiotherapy with 5-fluorouracil (5-FU) was compared with adjuvant radiotherapy or surgery alone. 10 The North Central CCG confirmed this effect showing that the addition of 5-FU to adjuvant radiotherapy improved overall survival by 29% at 7 years.
11
More recently, the German Rectal Cancer Study Group has demonstrated that neoadjuvant (preoperative) chemoradiotherapy for LARC decreased rates of local recurrence and resulted in fewer short-and long-term toxic effects than those from postoperative chemoradiotherapy. The treatment regimen used was 50.4 Gy delivered in 1.8 Gy fractions per day, 5 days per week, with a 120-h continuous infusion of 5-FU during the first and fifth weeks of radiotherapy. They also observed that preoperative chemoradiotherapy more than doubled the rate of sphincter-preserving surgery. 12 The German study was a critical result that reflects a change in international practice away from postoperative chemoradiation to preoperative treatment.
Currently, neoadjuvant chemoradiotherapy is generally considered for all LARC (defined as advanced cT3 or T4; see box 1) with potential circumferential resection margin involvement on pretreatment MRI. In preference to CT scanning, MRI is now considered the gold standard for the preoperative staging of rectal cancer, as evidenced by the impressive results of the MERCURY Study Group (see below).
14 Neoadjuvant chemoradiotherapy regimens utilise systemic fluoropyrimidines as radiosensitisers, administered concomitantly with high dose radiotherapy. Classically, 5-FU has been used as chemotherapy. 10 On account of its short half-life in vivo, 5-FU is optimally delivered as a continuous infusion either over 48e96 h during weeks 1 and 5 of radiotherapy, 11 or as a low dose continuous infusion for the duration of the course of radiotherapy. 15 In some countries, the oral fluoropyrimidine, capecitabine, a prodrug of 5-FU, has replaced infusional 5-FU on account of its convenience and, since it can be consumed by the patient on a daily basis from the first to the last day of radiotherapy, potentially providing more consistent radiosensitisation throughout the entire 5e5.5 weeks of radiotherapy. 16 17 Based on known synergy in treating metastatic disease, there is currently interest in the use of combination chemotherapy in neoadjuvant chemoradiation for LARC. Agents under investigation include oxaliplatin and irinotecan 18 19 both known to be radiosensitisers per se, plus monoclonal antibodies such as cetuximab. 20 
TRG FOLLOWING NEOADJUVANT THERAPY Classification of tumour regression
Tumour regression grading (TRG) as a measurement of response to neoadjuvant radiotherapy was first proposed by Mandard et al in 1994 for use in the assessment of pathological specimens of squamous cell carcinoma of the oesophagus following neoadjuvant chemoradiotherapy. 21 Mandard and colleagues classified TRG into five grades from TRG 1 (complete regression) to TRG 5 (no regression) based on the presence of residual cancer cells and the degree of fibrotic change. Pathological response was defined as the presence of TRG 1e3 in the resected specimen, and was shown to be an independent predictor of disease-free survival. 21 Three years later, Dworak et al reported a system for the grading of regression (GR) following neoadjuvant chemoradiotherapy of rectal tumours. They graded regression from GR 0 (no regression) to GR 4 (complete regression), assessing the resected specimen for tumour mass, fibrotic changes, irradiation vasculopathy and peri-tumourous inflammatory reaction. 22 This report was followed by the Rectal Cancer Regression Grade (RCRG), which simplified the classification to three levels: RCRG 1: the tumour is either sterilised or only microscopic foci of adenocarcinoma remain; RCRG 2: marked fibrosis, but with macroscopic tumour still present; and RCRG 3: little or no fibrosis in the presence of abundant macroscopic tumour. RCRG 1 and 2 were considered to represent significant tumour regression. 23 The most recently published classification, the Royal College of Pathologists dataset guidelines for colorectal cancer reporting, follows a similar pattern to the RCRG. It categorises tumours as having no residual tumour cells, minimal residual tumour or no marked regression. 24 For ease of comparison, table 1 summarises the key features of the pathological classification systems proposed to date.
TRG and clinical outcomes
Until recently, there was a general debate about whether pathological measures of tumour regression correlated with overall survival from rectal cancer treated with neoadjuvant Box 1 Summary of the tumour node metastasis (TNM) classification of colorectal cancer 13 < T1: Submucosa < T2: Muscularis propria < T3: Subserosa, perirectal tissues < T4a: Visceral peritoneum < T4b: Other organs or structures < N1a: One regional lymph node involved < N1b: Two to three regional lymph nodes involved < N1c: Satellites without regional lymph nodes < N2a: Four to six regional lymph nodes involved < N2b: Seven or more regional lymph nodes involved < M1a: Metastasis to one organ < M1b: Metastases to more than one organ or peritoneum < y: Prefix indicates staging taking place during/following multimodal therapy < c: Prefix indicates clinical staging < p: Prefix indicates pathological staging chemoradiotherapy followed by surgery. 25 Two recent papers have provided compelling evidence to support TRG as an independent predictor of survival. Maas et al published a metaanalysis of 3105 patients from 14 different study datasets who received neoadjuvant chemoradiotherapy followed by surgery. Of these, 484 patients had pathological complete regression (pCR). The group with pCR had more clinically and radiologically staged T1 or T2 tumours than those without pCR (p<0.0001). At 5 years, those with pCR had improved diseasefree survival (83.3% vs 65.6%, p<0.0001); lower risk of localised recurrence (2.8% vs 9.7%, p<0.0001); better chance of being free from distant metastasis (88.8% vs 74.9%, p<0.0001); and increased overall survival (87.6% vs 76.4%, p<0.0001). The benefit of pCR is confirmed on multivariate analysis, with the HR for disease-free survival being 0.54 (0.40e0.73) and that for overall survival being 0.65 (0.7e0.89) in the group exhibiting pCR. 26 These results are supported by the MERCURY study investigators, who reported that a ypT0 resection following neoadjuvant chemoradiotherapy was associated with increased disease-free and overall survival, as well as decreased rates of local recurrence.
14 Following these two reports, the general consensus among clinicians now is that pCR is an independent predictor of the likelihood of local recurrence, distant metastasis, overall and disease-free survival and it is therefore a potential tool to guide therapy in patients with rectal cancer.
TOWARDS A UNIVERSALLY ACCEPTED SYSTEM FOR TRG The need for consensus
The development of TRG for the assessment of response to preoperative chemoradiotherapy in rectal cancer is hampered by the current lack of a universally accepted grading system. Bateman et al investigated the utility and reproducibility of the three commonly used scoring systems discussed above: TRG, RCRG and the Royal College of Pathologists systems. They modified the RCRG by avoiding the assessment of macroscopic features, instead defining the new grading entirely according to microscopic features. m-RCRG 1 had no tumour epithelium or scattered foci of malignant epithelium representing <5% of the overall area of abnormality; in m-RCRG 2 malignant epithelium comprises 5%e50% of the overall area of abnormality; and m-RCRG 3 is defined as having over 50% of the area of abnormality comprising malignant epithelium. They found that all three systems were reproducible, with good inter-observer variability. 27 One of the key research questions yet to be answered is whether partial tumour regression is, like pCR, associated with better long-term outcomes. Despite a large number of studies examining this question, only two have shown lesser degrees of tumour regression to be prognostic factors on multivariate analysis. 28 29 In one of these studies (Min et al), partial tumour regression was only found to predict progression in lymph node negative rectal cancers. 28 Due to the lack of standardisation of the way the specimen is analysed, the various reporting schemes utilised and the lack of inter-observer reproducibility for those patients with an incomplete response to therapy, a definitive conclusion to the debate about the significance of lesser grades of regression does not look likely at present. 30 There is a clear need for international agreement both on a standardised method of specimen analysis and a reliable and reproducible way to score the presence of residual tumour. One such approach has been proposed recently following intensive discussion in the international pathology community. 31 
Impact on surgical strategies
Surgical strategies for the management of rectal cancers increasingly concentrate on the promotion of sphincter-sparing techniques. The use of localised excision with transanal endoscopic microsurgery for early (T1) rectal cancers is becoming increasingly accepted. It is, however, important to identify those patients who have unfavourable pathology that makes them at a high risk of local recurrence. It has been demonstrated that an aggressive strategy of early salvage surgery in transanal endoscopic microsurgery resections yielding high-risk pT1 tumours (those which were high grade, G3/4, those exhibiting lymphatic or venous involvement, or threatened/involved circumferential resection margins) and all pT2 tumours improves both tumourfree and tumour-related survival. 32 The role of neoadjuvant therapy prior to localised excision is currently a highly active area of clinical research. It is thought that there is a risk of overtreating patients who could be cured by resection alone. 33 The combination of neoadjuvant therapy and localised excision, however, provides a potential alternative in patients, with more advanced rectal tumours, who are unwilling or unable to undergo more extensive surgery. It has been shown that patients with radiological T3/T4 tumours exhibiting a pCR to neoadjuvant chemoradiotherapy are at a low risk of local recurrence. 12 A small study (26 patients) looking at neoadjuvant chemoradiotherapy followed by local excision of the tumour for more advanced (T2/T3) distal rectal tumours with good clinical response to preoperative therapy used pCR to predict recurrence. In the short follow-up (mean follow-up 24 months), there were no recurrences in the group exhibiting pCR. Those patients who did not show pCR were offered salvage resection. The only patient with recurrence refused abdomino-perineal resection after partial response to neoadjuvant treatment. 34 Thus, pCR is potentially a useful tool in this patient group as it allows the combination of neoadjuvant chemoradiotherapy and minimally invasive initial surgery, followed by early salvage surgery if required for more advanced tumours.
The use of adjuvant chemotherapy
In addition to its potential impact on surgical strategies, pathological regression grading can be used to guide adjuvant therapy and the intensity of post-treatment surveillance. There is much current interest in factors that can be used to guide choice of adjuvant therapy and surveillance following treatment of rectal cancer. This has resulted in the recent publication of nomograms to predict local recurrence, distant metastases and survival for patients with LARC treated with long-course chemoradiotherapy. 35 Valentini and colleagues identified pathological tumour stage as a significant factor for prediction of 5-year probability of local recurrence, distant metastasis and overall survival. In their analysis, pT0 tumours were associated with better outcomes than those with worse pathological stages. 35 
Long-term surveillance
A 10-year follow-up study of 297 consecutive patients receiving neoadjuvant chemoradiotherapy in the USA showed that rectal cancer recurrence may be delayed following neoadjuvant therapy and resection, but that in the 44 patients (15%) showing pCR, only one patient suffered disease recurrence and no recurrence happened after the first 2 years of follow-up. This finding suggests that patients exhibiting pCR may need a shorter period of follow-up than those with lesser degrees of pathological response. 36 The ability to correctly identify pCR may therefore help to determine frequency and duration of follow-up and potential benefit from adjuvant chemotherapy. Another area of current clinical research in the treatment of LARC is the avoidance of surgery in patients exhibiting a complete radiological response to neoadjuvant chemoradiation on post-treatment restaging. The potential feasibility of this approach has been demonstrated by Habr-Gama et al in South America 37 and it is currently being tested in a prospective, multicentre National Cancer Research Network phase II clinical study in the UK. 38 
CONCLUSIONS
Generally speaking, pCR is now accepted as an independent predictor of long-term outcomes following neoadjuvant chemoradiotherapy for LARC. Further work is needed, however, to determine the clinical importance of lesser degrees of pathological regression. A robust and internationally accepted system for the grading of tumour regression in rectal cancer following neoadjuvant chemoradiotherapy is currently required. Such consistency will help with clinical decision-making and will influence surgical strategies, postoperative adjuvant therapy and surveillance intensity. In the future, an accurate system of tumour regression, which has been shown to correlate with clinical outcome, may be used to avoid unnecessary treatment for some patients, while allowing patients at a greater risk of tumour recurrence to be offered more intensive therapy. The development of a universally accepted scoring system for TRG with well-validated correlates to clinical outcomes is a key research priority.
Take-home messages < Pathological complete response is an independent predictor of outcome following neoadjuvant chemoradiotherapy for locally advanced rectal cancer. < There is currently a lack of consensus on how to classify degrees of tumour regression less than a complete pathological response in a system that could guide clinical management. < The clinical validation of a universally accepted regression scoring system is a key research priority.
